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1

PROJECTION EXPOSURE APPARATUS AND
EXPOSURE METHOD AND
SEMICONDUCTOR DEVICE PRODUCTION
METHOD THEREWITH

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a projection exXposure
apparatus for use in a photolithography process for produc-
ing a semiconductor device. a liquid crystal display device.
or the like, and also to an exposure method and a semicon-
ductor device production method using the projection expo-
sure apparatus.

2. Description of the Related Art

Photolithography techniques are currently used in the
production of a semiconductor device or a liquid crystal
display device. The photolithography process includes an
exposure process step for transferring a reticle pattern onto
a wafer coated with a photosensitive material. The projec-
tion exposure apparatus of the type often called a step-and-
repeat exposure apparatus is now widely used. In this
step-and-repeat exposure apparatus, the surface of a wafer is
divided into a plurality of exposure areas. and an exposure
process is performed from one exposure area to another in
a step-and-repeat fashion. In recent years, with the increase
in the size of semiconductor devices, there is a need for a
step-and-repeat projection exposure apparatus capable of
exposing a greater arca at one time. To achieve the above
requirement, a scanning exposure type projection exposure
apparatus has been developed. A rectangular band-shaped
limited area of a reticle pattern is projected onto a wafer and
both the reticle and the wafer are synchronously scanned so
that the scanned area of the reticle pattern is transterred onto

the wafer.

FIG. 10 illustrates a conventional projection exposure
apparatus of such a scanning type. The apparatus includes:
a supporting base 102 disposed on an apparatus pallet 101
via antivibration mounts 101a; a main frame 103 which is an
integral part of the supporting base 102; and a reticle stage
support 104 and a light source support 105 both disposed
vertically on the main frame 103. A wafer stage 106 is
disposed on the supporting base 102 via a wafer stage base
plate 106a and also via a wafer scanning stage mechanism
(not shown). The wafer stage 106 has a known 6-axis
positioning mechanism. A projection optical system 107 is
disposed on the main frame 103, in the center thereof. A light
source 108 for emitting exposure light L, 1s disposed on the
top of the light source support 105. On the reticle stage
support 104, there is provided a reticle guide 109a which
supports the bottom face of the reticle stage 109 in such a
manner that the bottom face of the reticle stage 109 is not in
direct contact with the reticle guide 109a. On the reticle
stage support 104, there is also provided a reticle scanning
stage mechanism 1096 including a pair of linear motors
disposed on cither end of the reticle stage 109.

Areticle R, and a wafer W, are placed on the reticle stage
109 and the wafer stage 106. respectively. The reticle
scanning stage mechanism 1096 and the 6-axis positioning
stage mechanism of the wafer stage 106 are synchronously
driven in the Y-direction which is one of two axes perpen-
dicular to the optical axis (Z-axis) associated with the
exposure light L., thereby scanning the reticle R, and the
wafer W, in the Y-direction. The exposure light L, has a
rectangular section which is longer in the X-direction so that
the rectangular area, longer in the X-direction, of the reticle

pattern formed on the reticle R, is projected onto the wafer
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W,,. During the exposure process with the exposure light L.
the reticle R, and the wafer W, are synchronously scanned
in the Y-direction as described above thereby transferring the
entire reticle pattern onto the wafer W,,. Before starting the
scanning of the reticle R, and the wafer W,. precise align-
ment (positioning) between the reticle R, and the water is
performed so that the reticle pattern may be projected onto
a correct exposure area of the wafer W,

If an alignment error occurs during the exposure process.
that is. during the operation of scanning the reticle R, and
the wafer W, a great transfer error can occur. To avoid the
above problem. the positions of the wafer stage 106 and the
reticle stage 109 are each measured repeatedly during the
scanning operation and the alignment between the reticle R,
and the wafer W, is corrected on the basis of the measure-

ment result. The alignment correction will be described in
further detail below.

The positions of the wafer stage 106 and the reticle stage

109 measured in the X-axis and Y-axis directions as well as
the angle of rotation about the Z-axis (hereafter referred to
as the position in the O-direction) of the wafer stage 106 and
the reticle stage 109 are determined by interferometers 110
and 111. In the measurement. the interferometers 110 and
111 detect the light reflected from L-shaped mirrors 1065
and 109 disposed on the wafer stage 106 and the reticle stage
109. respectively, in an integral fashion, and determine the
above positions on the basis of the detected interference
patterns. These measured values are then evaluated. and if a
positioning error in the X-axis direction is detected. the error
is corrected by driving the X-axis driving mechanisms of the
6-axis positioning stage mechanism of the wafer stage 106.
When a positioning error in the Y-axis direction is detected.
the error is corrected by driving the Y-axis driving mecha-
nism of the 6-axis positioning stage mechanism of the wafer
stage 106 or by driving the reticle scanning stage mechanism
1095 of the reticle stage 109. If a positioning error in the O
direction is detected. the O direction driving part of the
6-axis positioning stage mechanism of the wafer stage 106
is driven or a relative difference in the driving amount
between the pair of linear motors constituting the reticle
scanning stage mechanism 1096 is introduced thereby rotat-
ing the reticle stage 109 in the O direction.

The reticle stage 109 is scanned under the gutdance of the
horizontal reference planc of the reticle guide 109, and

therefore. the positions in the Z-axis direction, in the
wX-direction (rotation about the X-axis). and in the
owY-direction (rotation about the Y-axis) are kept constant.
The image plane on the wafer W, is measured with a water
focus sensor 112 to determine the position of the water stage
106 in the Z-axis direction, in the wX-direction. and in the
wY-direction. On the basis of the measurement result. the
Z-axis driving mechanism., the X driving mechanism, and
the @Y driving mechanism of the 6-axis positioning stage
mechanism of the wafer stage 106 are driven so as to correct
the positioning errors in the Z-, wX-, and @wY-directions.

As described above, the alignment between the wafer W,
and the reticle R, in the six directions is precisely controlled
during the exposure process.

The alignment between the wafer stage 106 and the reticle
stage 109 is performed using four microscopes 113-116
before starting an exposure process, as described below.

A first microscope 113 detects an alignment mark of the
reticle R, placed on the reticle stage 169, and compares it

with a reference mark on the reticle stage support 104. On
the basis of the comparison result. the alignment between the

reticle R, and the reticle stage 109 is adjusted. A second
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microscope 114 is of the type called a TTR (Through-The-
Reticle) microscope and is used for alignment between the
reticle R, and an alignment mark M, formed on the wafer
stage 106, wherein the detection of the alignment mark is

performed using exposure light L,. A third microscope 115
is of the type called a TTL (Through-The-Lens) microscope
via which an alignment mark on a scribe line of the wafer
W, 1s compared with a reference mark provided in the
microscope 115 thereby pertorming the alignment of the
exposure area of the wafer W at the exposure position just
below the projection optical system 107, wherein the align-
ment mark on the scribe line is (lluminated via the projection
optical system 107 by an He—Ne laser beam to which the
resist on the wafer is insensitive. A fourth microscope 116 1s
of the type called an off-axis microscope and is used to
detect the position of the water W, relative to the wafer stage
106. In the detection. the wafer stage 106 is moved aside
from the exposure position just below the projection optical
system 107 and the alignment mark on the scribe line of the
wafer W, is illuminated by white light. The alignment mark

is then compared with a reference mark provided in the
fourth microscope 116. thereby detecting the position of the

wafer W, relative to the wafer stage 106.

The interferometers 110 and 111 for measuring the
changes 1n the positions of the wafer stage 106 and the
reticle stage 109 during the scanning operation, the sensor
supports 110a—1124 supporting the wafer focus sensor 112,
and the microscope supports 1153a and 1164 supporting the
third and fourth microscopes 118 and 116 are disposed in the
vertical position on or suspended from the main frame 103

together with the reticle stage support 104 and the light
source support 105. The first and second microscopes 113
and 114 are supported together with the light source 108 by
the light source support 108.

In the conventional technique. as described above. the

supporting base 102 supporting the water stage 106 thereon
and the reticle stage support 104 supporting the reticle stage
109 thereon are connected to the main frame 103 in an
integral fashion, and furthermore. the projection optical
system 107, and the supports 110a-112a for supporting the
interferometers 110, 111 and the wafer focus sensor 112 are
all connected to the main frame 103 in an integral fashion.
Therefore, if deformation or vibration occurs in the main
frame 103 due to a reaction against the force of driving the
O-axis positioning stage mechanism for scanning the wafer
stage 106 or against the force of driving the reticle scanning
stage mechanism 109¢ for scanning the reticle stage 109, or
due to an unbalanced load which can occur when the wafer
stage 106 or the reticle stage 109 moves, then the deforma-
tion or the vibration propagates to the interferometers 119
and 111 and the wafer focus sensor 112 or other parts. The
above propagation of the deformation or the vibration results
in degradation in the reliability of the operation of the
above-described parts, and thus results in a great transter
EITOX.-

One known technique to solve the above problems is to
increase the rigidity of the main frame so as to reduce the
vibration and the deformation due to the unbalanced load or
the force of driving the 6-axis positioning stage mechanism
of the wafer stage or the force of driving the reticle scanning
stage mechanism. Another technique is to provide a correc-
tion table for correcting the deformation of the main frame.
However. these techniques have the problem of an increase
in the size and weight of the main frame. Another problem
1s that the structure becomes coraphicated.

SUMMARY OF THE INVENTION

It is a general object of the present invention to solve the
above problems. More specifically, it is an object of the
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present invention to provide a projection exposure apparatus
having no problems associated with degradation in reliabil-

ity of the operation of the measurement system for control-
ling the alignment between a wafer and a reticle due to a
reaction against the force of driving the water stage or the
reticle stage or due to an unbalanced load which occurs
when the stage moves. It is another object of the present
invention to provide an exposure method and also a method
of producing a semiconductor device using such a projection
eXposure apparatus.

According to an aspect of the present invention, there is
provided a projection exposure apparatus including: a reticle
stage for moving a reticle; a wafer stage for moving a wafer;
a projection optical system disposed between the wafer stage
and the reticle stage; first supporting means for supporting at
least one of the reticle stage and the wafer stage; measure-
ment means for measuring the position and the rotation of at
least one of the reticle and the water; second supporting
means for supporting said measurement means; and
displacement/deformation absorbing means. through which
satd second supporting means 1s supported by said first
supporting means. for absorbing displacement and deforma-
tion of the first supporting means.

The displacement/deformation absorbing means prefer-
ably includes at least three sliding members elastically
connected to one of the first and second supporting means.
wherein the above-described at least three sliding members

support spherical members which are integral parts of the
other one of the first and second supporting means, the
spherical members being supported such that the spherical

members may freely roll. Each of said sliding members
preferably includes static-pressure bearing means which

creates a non-contact space between the first and second
supporting means.

The displacement/deformation absorbing means may
include at least three cylindrical hinges. either end of each
of the three cylindrical hinges being integrally connected to
one of the first and second supporting means.

The displacement/deformation absorbing means may be a
kinematic mount which connects the first and second sup-
porting means via three spherical members formed as inte-
gral parts of one of the first and second supporting means.
the spherical members being fitted into a conical recess. a
V-shaped groove. and a loose fitting recess. respectively,
which are all formed on the other one of the first and second
supporting means.

In the present invention, the first supporting means for
supporting the wafer stage and the reticle stage is separate
from the second supporting means for supporting the mea-
surement means, and the first and second supporting means
are connected to each other via the displacement/
deformation absorbing means. In this arrangement, even if
displacement or deformation occurs in the first supporting
means due to a reaction against the force of driving the water
stage or the reticle stage or due to an unbalanced load which
can occur when the stage moves, the displacement or the
deformation is absorbed by the displacement/detormation
absorbing means. As a result, no degradation occurs in the
reliability of the operation of the measurement means sup-
ported by the second supporting means. This ensures that the
alignment between the wafer and the reticle can be con-
trolled precisely, and thus, it is possible to achieve very high
accuracy in a pattern transferring or printing operation,

In particular, 1n a scanning type projection exposure
apparatus in which both a wafer and a reticle are scanned in
a synchronous manner. both the reticle stage and the water
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stage are continuously driven during an exposure process.
and thus. deformation and displacement occur periodically
in the first supporting means due to the force of driving the
reticle stage or the wafer stage and due to the unbalanced
load which occurs when the stages move. Therefore, in a
projection exposure apparatus of this type. the displacement/
deformation absorbing means is particularly useful in pre-
venting deformation and displacement of the first supporting
means from propagating to the second supporting means.
Thus. the displacement/deformation absorbing means of the
present invention significantly contributes to the improve-
ment in the transfer or printing accuracy.

In another aspect, the present invention relates to expo-
sure methods that include steps of providing a projection
exposure apparatus of the type dicussed above and either
exposing the wafer, using the projection optical system. to
transfer a pattern formed on the reticle onto the wafer or
transferring. through the projection optical system. a pattern
formed on the reticle onto the water.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a front view. partially in cross section, illustrat-
ing a projection exposure apparatus according to a first
embodiment of the invention;

FIG. 2 is a cross-sectional view taken along line 2—2 of
FIG. 1;

FIG. 3 is a schematic diagram illustrating a displacement
absorbing mechanism used in the apparatus shown in FIG.
I;

FIG. 4 is a schematic diagram illustrating a variation to
the apparatus shown in FIG. 1,

FIG. 5 is a schematic diagram illustrating another varia-
tion to the apparatus shown in FIG. 1;

FIGS. 6(a) through 6{c) are partial cross-sectional views
illustrating three major parts of the apparatus shown in FIG.
5. taken along lines 6 A—6A., 6B—6B. and 6C—6C., respec-
tively;

FIG. 7 is a front view, partially in cross section, illustrat-
ing a projection exposure apparatus according to a second
embodiment of the invention;

FIG. 8 is a flowchart illustrating production processes of
a semiconductor device;

FIG. 9 is a flowchart illustrating a wafer process; and

FIG. 10 is a front view, partially in cross section. illus-
trating a conventional projection exposure apparatus.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 is a front view, partially in cross section, illustrat-
ing a projection exposure apparatus according to a first
embodiment of the invention. As shown in FIG. 1, the
apparatus includes: a supporting base 2 supported on an
apparatus pallet 1 via antivibration mounts 1a; a main frame
3a serving as a first support means which is an integral part
of the supporting base 2; a reticle stage support 4a disposed
vertically on the main frame 3a; a top frame 3b serving as
a second support means disposed on the main frame 3a via
a displacement absorbing mechanism 20 serving as a
displacement/deformation absorber means; a light source
support S supported on the top frame 3b, wherein the wafer

stage 6 is supported on the supporting base 2 via a wafer
stage base plate 6a and a wafer scan stage mechanism (not

shown). and the wafer stage 6 has a known 6-axis position-
ing mechanism. A projection optical system 7 is supported
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on the top frame 3b, in the center thereof. A light source 8
for emitting exposure light L., is disposed on the top of the
light source support 5. Furthermore. a reticle guide 94
supports the bottom face of areticle stage 9 in such a manner

that the bottom face of the reticle stage 9 is not in direct
contact with the reticle guide 9a. Also. a reticle scanning

stage mechanism 9b, including a pair of linear motors, is
disposed on either end of the reticle stage 9.

Areticle R, and a wafer W | are placed on the reticle stage
9 and the wafer stage 6. respectively. The reticle scanning
stage mechanism 95 and the 6-axis positioning stage mecha-
nism of the wafer stage 6 are synchronously driven in the
Y-direction which is one of two axes perpendicular to the
optical axis (Z-axis) associated with the exposure light L,.
thereby scanning the reticle R, and the wafer W, in the
Y-direction. The exposure light L, has a rectangular section
which is longer in the X-direction so that the rectangular
area, longer in the X-direction, of the reticle pattern formed
on the reticle R, is projected onto the water W ,. During the
exposure process with the exposure light L. the reticle R,
and the wafer W, are synchronously scanned in the
Y-direction as described above thereby transferring the
entire reticle pattern onto the wafer W,. Before starting the
scanning of the reticle R, and the wafer W,. precise align-
ment (positioning) between the reticle R, and the wafer W,
is performed so that the reticle pattern may be projected onto
a cormrect exposure area of the wafer W,.

If an alignment error occurs during the exposure process.
that is. during the operation of scanning the reticle R, and
the wafer W, . a significant transfer error can occur. To avoid
the above problem. the positions of the wafer stage 6 and the
reticle stage 9 are each measured repeatedly during the
scanning operation and the alignment between the reticle R,
and the wafer W, is corrected on the basis of the measure-
ment result. This correction process is performed as
described below.

The positions of the wafer stage 6 and the reticle stage 9
measured in the X-axis and Y-axis directions as well as the
angle of rotation about the Z-axis (the position in the
O-direction) of the wafer stage 6 and the reticle stage 9 are
determined by interferometers 10 and 11 serving as inter-
ference pattern detectors. In the measurement, the interfer-
ometers 10 and 11 detect the light refiected from L-shaped
mirrors 6k and 9¢ disposed on the wafer stage 6 and the
reticle stage 9. respectively, In an integral fashion. and
determine the above positions on the basis of the detected
interference patterns. These measured values are then
evaluated, and if a positioning error 1n the X-axis direction
is detected. the error is corrected by driving the X-axis
driving mechanism of the 6-axis positioning stage mecha-
nism of the wafer stage 6. When a positioning error in the
Y-axis direction is detected. the error is corrected by driving
the Y-axis driving mechanism of the 6-axis positioning stage
mechanism of the wafer stage 6 or by driving the reticle
scanning stage mechanism 95 of the reticle stage 9. If a
positioning error in the O direction is detected. the
B-direction driving part of the 6-axis positioning stage
mechanism of the wafer stage 6 is driven or a relative
difference in the driving amount between the pair of linear
motors constituting the reticle scanning stage mechanism 95
is introduced thereby rotating the reticle stage 9 in the ©
direction.

The reticle stage 9 is scanned under the guidance of the
horizontal reference plane of the reticle guide 9a. Therefore.
the positions in the Z-axis direction. in the wX-direction
(rotation about the X-axis). and in the ¥Y-direction (rotation
about the Y-axis) are kept constant. The image plane on the
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wafer W, is measured with a wafer focus sensor 12 to
determine the position of the wafer stage 6 in the Z-axis
direction. in the wX-direction. and in the wY-direction. On
the basis of the measurement result, the Z-axis driving
mechanism. the X driving mechanism. and the Y driving
mechanism of the 6-axis positioning stage mechanism of the
wafer stage 6 are driven so as to correct the positioning
errors in the Z-, mX-, and Y-directions.

As described above. the alignment between the wafer W
and the reticle R, in the six directions is precisely controlled
during the exposure process. The weight of the reticle stage
9 1s canceled by the attracting force of a magnet 94. A reticle

guide support 4b for supporting the reticle guide 9a is
disposed vertically on top frame 3b.

The alignment between the wafer stage 6 and the reticle
stage 9 is performed using four microscopes 13-16 before
starting an exposure process, as described below.

A first microscope 13 detects an alignment mark of the
reticle R, placed on the reticle stage 9, and compares it with
a reference mark on the reticle stage support 4. On the basis
of the comparison result, the alignment between the reticle
R, and the reticle stage 9 is adjusted. A second microscope
14 is of the type called a TTR microscope and is used for
alignment between the reticle R, and an alignment mark M
formed on the wafer stage 6. wherein the detection of the
alignment mark is performed using exposure light L. A
third microscope 15 is of the type called a TTL (Through-
The-Lens) microscope and is used to perform the alignment
of the exposure area of the wafer W, at the exposure
location. In the alignment process through the third micro-
scope 15, an alignment mark formed on a scribe line of the
wafer W, is illuminated by a non-exposing He—Ne laser
beam through the projection optical system 7. and the
position of the wafer W, is adjusted so that the above
alignment mark comes to a correct position with respect to
the reference mark provided in the microscope 15, thereby
positioning the exposure area of the wafer W, at a correct
exposure location directly below the projection optical sys-
tem 7. A fourth microscope 16 is of the type called an
off-axis microscope and is used to detect the position of the
wafer W, relative to the wafer stage 6. In this detection
process through the fourth microscope 16, the wafer stage 6
is moved aside from the exposure position which is just
below the projection optical system 7, and the alignment
mark on the scribe line of the wafer W, is illuminated by
white light. Then. the position of the wafer W, relative to the
wafer stage 6 is detected by detecting the position of the
above alignment mark with respect to the reference mark
provided in the fourth microscope 16.

As described above. the reticle stage support 4a, which
supports the reticle scanning stage mechanism 95, is dis-
posed vertically on the main frame 3a. The reticle guide
support 4b, which supports the reticle guide 9q, is disposed
vertically on the top frame 3b. The interferometers 10 and
11. the sensor supports 10a—12a supporting the wafer focus
sensor 12. and the microscope supports 15a¢ and 16a sup-
porting the third and fourth microscopes are disposed in a
vertical position on or suspended from the main frame 3b
together with the reticle stage support 45 and the light source
support 5. The first and second microscopes 13 and 14 are
supported together with the light source 8 by the light source
support 5. As described above, the main frame 3a supports

the top frame 3b via the displacement absorbing mechanism
20.

As shown in FIG. 2. the displacement absorbing mecha-
nism 20 includes three restriction units 20a disposed at equal
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intervals in the circumferential direction on the upper end of
the main frame 3a. Each restriction unit 20z includes a

spherical member 21 projecting downward from the bottom
face of the top frame 3b; a sliding member 22 including a
static-pressure spherical-seated bearing 224 (shown in FIG.
3} supporting the spherical member 21 without direct con-
tact therewith such that the spherical member 21 can freely
roll; and a spring 23 for elastically connecting the sliding
member 22 to the main frame 3a.

On the bottom face of each sliding member 22 is provided
a static-pressure flat seat bearing 226, which is adapted to
freely slide in a non-contact fashion in an arbitrary direction
on the reference plane (XY plane) on the main frame 3a.
Thus, the sliding member 22 is free in elastic displacement
on the main frame 3a in the X-axis direction, in the Y-axis
direction. and in the 8-direction within the range limited by
the spring 23.

The static-pressure spherical-seated bearing 22a and the
static-pressure flat seat bearing 22b of the sliding member 22
are made of a porous pad with a spherical shape serving as
a static-pressure bearing and a porous pad with a flat shape
serving as a static-pressure bearing. respectively. Through
pipe 22¢ provided inside the sliding member 22. pressurized
air is supplied into the space between the spherical member
21 of the top frame 3/ and the static-pressure spherical-
scated bearing 22a and also into the space between the
above-described reference plane of the main frame 3a and
the static-pressure flat seat bearing 225 so as to form an air
film in the above spaces thereby achieving non-contact
bearings.

The spring 23 urges the sliding member 22 inward along
a radial direction toward a predetermined location of the
main frame 3a. If the sliding member 22 moves together
with the top frame 356 on the main frame 3a in the X-axis
direction, in the Y-axis direction, or in the B-direction. the
urging force of the spring 23 causes the sliding member 22
to quickly return to the original position.

As described above. the sliding member 22 of each
restriction unit 20aq is free in elastic displacement with
respect to the main frame 3a in the X-axis direction. in the
Y-axis direction, and in the O-direction. and furthermore. the
sliding member 22 supports the lower surface of the spheri-
cal member 21. which is an integral part of the top frame 3b
in such a manner that the spherical member 21 can freely roll
in an arbitrary direction. Therefore. the sliding member 22
can freely move relative to the top frame 35 in the
wX-direction, (vY-direction, and 6-direction. Thus, the slid-
ing member 22 connects the top frame 35 with the main
frame 3a in such a manner that the top frame 3b and the main
frame 3a can elastically move relative to each other freely in
an arbitrary direction.

Since the displacement absorbing mechanism 20 is con-
stituted by such restriction units 20a, when deformation or
vibration occurs in the main frame 3a supporting the wafer
stage 6 and the reticle stage 9 due to the reaction force
against the force of driving and scanning the wafer stage 6
and the reticle stage 9 or due to an unbalanced load arising
in the motion of the stage. the displacement or the defor-
mation of the main frame 3a is absorbed by the restriction
units 20a. This ensures high reliability in the operation of the
interferometers 10 and 11. which control the alignment of
the wafer stage 6 and the reticle stage 9, and also ensures
high reliability in the operation of the wafer focus sensor 12
regardless of the above deformation or the displacement of
the main frame 3b.

As in the interferometers 19 and 11. the alignment system
including the optical system 7. the light source 8. and the
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four microscopes 13—16 are also supported by the top frame
3b. Therefore. high reliability is achieved in the operation of
the microscopes 13—16 and in the optical characteristics of
the projection optical system 7 without influence of the force
driving the wafer stage 6 and the reticle stage 9 during the
alignment process and any unbalanced load arising from the
motion of the stages.

Disturbances such as ambient atmosphere fluctuations can
cause an error in the measurement with the laser beam using
the interferometers 10 and 11. The above error is corrected
on the basis of the information obtained by illuminating
reference mirrors 100 and 115 on the lens barrel of the
projection optical system by a reference beam. Each anti-
vibration mount la supporting the supporting base 2
includes a voice coil motor which cuts off external vibrations
propagating via the floor and the apparatus pallet 1 thereby
preventing the vibrations from being transmitted to the
wafer stage 6 or the reticle stage 9. Furthermore, the voice
coil motors quickly dampen vibrations which occur in the
main frame 3a due to the reaction against the force of
driving the wafer stage 6 and the reticle stage 9.

Furthermore. in the present embodiment as described
earlier. the reticle stage 9 is supported by means of the
magnetic force of the magnet 94 so as to cancel the weight
of the reticle stage. As a result, the greater part of the weight
of the reticle stage 9 and the reticle scanning stage mecha-
nism 9b is supported by the reticle stage support 4a and thus,
these weights have no influence on the top frame 3b. That is.
these weights do not cause either deformation or vibration in
the top frame 3b.

As can be seen from the above description, the arrange-
ment of the invention removes all disturbances which can
result in degradation in the optical characteristics of the
projection optical system 7 or in the reliability of operation
of the sensors. such as the interferometers 10. 11 or the
alignment microscopes. thereby achieving a significant
improvement in the transferring and printing accuracy of the
projection exposure apparatus.

In the embodiment described above, although the restric-
tion units 20aq are employed to form the displacement
absorbing mechanism 20, cylindrical hinges 30a having a
structure such as that shown in FIG. 4 may also be
emploved. In these cylindrical hinges 30q, the central por-
tion of each cylindrical structure has a smaller diameter than
the end portions so that both ends may elastically move
relative to each other freely in the X-axis direction. Y-axis
direction. O-direction. @X-direction. and ®wZ-direction. The
ends of each of the cylindrical hinges 30a are connected in
an integral fashion with the top frame 3b and the main frame
3a, respectively.

The displacement absorbing mechanism 20 may be
replaced by a kinematic mount 40 shown in FIG. 5. The
kinematic mount 40 includes three spherical members S1
disposed at equal intervals in the circumferential direction
on the bottom face of the top frame 36, wherein the spherical
members 51, as shown in FIGS. 6{(a) through &(c). are fitted
into a conical recess 52a, a V-shaped groove 52b extending
in a radial direction. and a loose hitting recess with a flat and
large bottom face. respectively. formed on the upper face of
the main frame 3a. The top frame b is restricted in motion
in the X-axis direction and also in the Y-axis direction by and
only by the spherical member S1 fitted into the conical
recess 32a formed on the main frame 3a. Thus, the displace-
ment or deformation of the main frame 3a relative to the top
frame 3b is absorbed by the displacement in the Y direc-
tion and in the O direction of the spherical member 51 fitted
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in the conical recess 52a and by the displacement in the @wZ
direction. in the (X direction. and in the 9 direction of the

V-shaped groove 52b, and furthermore by the displacement
in an arbitrary direction of the spherical member S1 fitted

into the loose fitting recess S2c.

FIG. 7 illustrates a second embodiment of a projection
exposure apparatus according to the present invention. This
second embodiment has a similar structure to that of the first
embodiment except that the reticle scanning stage mecha-
nism 95 of the first embodiment is replaced by a reticle stage
driving mechanism 69b of the type widely used for driving
the reticle stage 69 in the X-axis direction. in the Y-axis
direction. and in the 0 direction and except that the second
embodiment has no interferometer for measuring the posi-
tion of the reticle stage. Therefore. the parts except the
reticle stage 69 and the reticle stage driving mechanism 696
are denoted by the same reference numerals as those used in
the first embodiment and they are not described here in
further detail. In this second embodiment. the wafer stage 6
is supported via the wafer stage base plate 6a by the
antivibration mount 14 on the apparatus pallet 1 and thus.
the wafer stage is independent of the main frame 3a.

In this step-and-repeat projection exposure apparatus of
the common type. the top frame 3b supporting the micro-
scopes 13-16 and the projection optical system 7 of the
alignment system is connected via a displacement absorbing
mechanism 20 or a kinematic mount with the main frame 3a
supporting the wafer stage 6 and the reticle stage 69 thereby
preventing the influence of the force of driving the wafer
stage 6 or the reticle stage 69 on the interferometer 19, the
microscopes 13-16 in the alignment system. and the pro-
jection optical system 7 and thus preventing the degradation
in the alignment accuracy and the degradation in the optical
characteristics of the projection optical system 7. Thus. the
apparatus of the second embodiment can provide high
transfer and printing accuracy. In this second embodiment.
the wafer stage base plate 6a is supported directly by the
apparatus pallet 1 via the antivibration mount.

Now, an example of a method of producing a semicon-
ductor device using the projection exposure apparatus
according to the present invention will be discribed. FIG. 8
is a flowchart illustrating the processing steps of producing
a micro device (a semiconductor chip such as an IC, an LSI
liquid crystal panel. a CCD., a thin-film magnetic head. or a
micro machine, for example). In step 11 (circuit design). a
semiconductor device circuit is designed. In step 12 (mask
production). masks having circuit patterns corresponding to
the circuit designed in step 11 are produced. In step 13
(wafer production). a wafer ts produced using a semicon-
ductor material such as silicon. In step 14 (water process or
often called a first half process). an actual circuit is formed

on the wafer by means of a lithography technique using the
masks and the wafer produced in the previous steps. In step
15 (assembly or often called a second half process). the
wafer on which circuits are formed in step 14 are divided
into chips. This step includes the sub-steps of assembly
(dicing and bonding) and packaging (chip encapsulation). In
step 16 (test), the semiconductor devices produced in the
previous steps are tested to determine whether they operate
correctly. The reliability of the devices are also evaluated in
step 16. The semiconductor devices which have been com-
pleted in the previous steps are shipped in step 17.

FIG. 9 is a flowchart illustrating the details of the wafer
process. In step 21 (oxidation). the surface of the wafer is

oxidized. In step 22 (CVD). an insulating film is formed on
the surface of the wafer. In step 23 (metallization), elec-

trodes are formed on the surface of the wafer by means of
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evaporation. In step 24 (ion implantation). 1ons are
implanted into the wafer. In step 26 (resist process). a
photosensitive material is coated on the wafer. In step 26
(exposure). the circuit pattern formed on the mask is trans-
ferred onto the wafer using the projection exposure appara-
tus described above. In step 27 (development). the above
wafer is developed. In step 28 (etching). the surface of the
wafer is partially removed except the portions covered by
the resist pattern developed in the previous step. In step 29
(resist removal). the resist. which is no longer necessary
after the etching process. is removed. The above process is
performed repeatedly thereby forming a multilevel circuit
pattern on the wafer. Thus. the present embodiment of the
invention provides a method of producing a semiconductor
device. capable of producing a semiconductor device with a
high integration density, which cannot be achieved by the
conventional techniques.

Except as otherwise disclosed herein. the various com-
ponents shown in outline or in block form in the Figures are

individually well known and their internal construction and
operation are not critical either to the making or using of this
invention or to a description of the best mode of the
invention,

While the present invention has been described with
respect to what is at present considered to be the preferred

embodiments. it is to be understood that the invention is not
limited to the disclosed embodiments. To the contrary, the

invention is intended to cover various modifications and
equivalent arrangements included within the spirit and scope
of the appended claims. The scope of the folowing claims
is to be accorded the broadest interpretation so as to encom-
pass all such modifications and equivalent structures and
functions.

What is claimed Is:

1. A projection exposure apparatus compfising:
a reticle stage for moving a reticle;

a wafer stage for moving a water;

a projection optical system for projecting a pattern formed
on the reticle onto the wafer;

first supporting means for supporting at least one of said
reticle stage and said wafer stage;

measurement means for measuring the position of at least
one of the reticle and the wafer;

second supporting means for supporting said measure-
ment means; and

displacement/deformation absorbing means, through
which said second supporting means is supported by
said first supporting means. for absorbing displacement
and deformation of said first supporting means.

2. An apparatus according to claim 1. wherein said
displacement/deformation absorbing means comprises at
least three sliding members elastically connected to one of
said first and second supporting means. wherein said at least
three sliding members support spherical members which are
integral parts of the other one of said first and second
supporiing means, said spherical members being supported
such that said spherical members may freely roll.
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3. An apparatus according to claim 2. wherein each of said
sliding members comprises static-pressure bearing means

which creates a non-contact space between said first and
second supporting means.

4. An apparatus according to claim 1. wherein said
displacement/deformation absorbing means comprises at
least three cylindrical hinges. either end of each of said at
least three cylindrical hinges being integrally connected to
one of said first and second supporting means.

5. An apparatus according to claim 1. wherein said
displacement/deformation absorbing means comprises a
kinematic mount which connects said first and second
supporting means via three spherical members formed as
integral parts of one of said first and second supporting
means. said spherical members being fitted into a conical
recess. a V-shaped groove. and a loose fitting recess.
respectively. which are all formed on the other one of said

first and second supporting means.

6. An apparatus according to claim 1. wherein said
projection optical system is supported by said second sup-
porting means.

7. An exposure method comprising the steps of:

moving a reticle on a reticle stage:

moving a wafer on a wafer stage.

projecting a pattern formed on the reticle onto the wafer
through a projection optical system;

supporting at least one of the reticle stage and the wafter
stage on a main frame;

measuring the position of at least one of the reticle and the
wafer using measurement means;

supporting the measurement means by a top frame;

providing displacement/deformation absorbing means.
through which the top frame is supported by the main
frame, for absorbing displacement and deformation of
the main frame; and

exposing the wafer to light by projecting the pattern
formed on the reticle onto the wafer through the
projection optical system. to transfer a pattern formed
on the reticle onto the wafer.

8. An exposure method comprising the steps of:

moving a reticle on a reticle stage;

moving a wafer on a wafer stage;

projecting a pattern formed on the reticle onto the wafer
through a projection optical system;

supporting at least one of the reticle stage and the wafer
stage on a main frame;

measuring the position of at least one of the reticle and the
wafer using measurement means;

supporting the measurement means by a top frame;

providing displacement/deformation absorbing means.
through which the top frame is supported by the main
frame for absorbing displacement and deformation of
the main frame; and

transferring, through the projection optical system. a
pattern formed on the reticle onto the water.
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